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JANUARY, 1018. VoL. XXII, 


Notices of the Aeronautical Society of Great Britain. 


Obituary. 

The Council regret to learn of the death on active service of Captain Alexander 
Graham Clark, M.A., R.F.C. Captain Clark joined the Society in 1913. 


Honours and Awards. 


The following members of the Society have been appointed to the Order of 
the British Empire :— 

As Knight Commander—Lieut.-Colonel Sir Henry Fowler. 

As Commander—J. D. Siddeley, T. O. M. Sopwith, R. W. Allen. 

As Officer—A. E. Berriman, Major H. Grinsted, Wing Commander A. 
Ogilvie, A. V. Roe, Lieutenant Commander H. E. Wimperis. 

As Member—B. G. Cooper, Captain W. S. Farren, A. J. S. Pippard, 
H. C. Watts. 


Elections. 


Fellows.—Commander J. L. Travers, Commander C. T. Jenkin, Major 
L. N. G. Filon, Bertram Hopkinson, Captain H. T. Tizard, W. R. Turnbull, 
Commander W. Briggs, Griffith Brewer, Colonel R. K. Bagnall Wild, T. E. 
Stanton, F.R.S., A. E. Berriman, O.B.E., Lieutenant Commander H. E. 
Wimperis, O.B.E., Lieutenant A. R. Low, Lieutenant A. P. Thurston, 
Commander C. L. L’Estrange Malone, B. G. Cooper, R. Blackburn, Captain 
F. S. Barnwell, Captain G. de Havilland (19). 


Associate Fellows.—J. S. Buchanan, Lieutenant E. Fairbrother, R. J. G. 
Crouch, H. C. Watts, C. A. Crow, T. M. Barlow, B. G. Lampard Vachell, 
R. W. Allen, A. Ryan, R. Mullineux Walmsley, D.Sc., F.R.S.E., F. F. P. Walsh, 
Captain J. S. Irving, Commander W. Lockwood Marsh, Miss Hilda P. Hudson, 
A. Williamson (15). 


Member.—F. C. Hibberd (1). 


Associate Members.—S. Camm, H. W. Atkinson, Wm. Campbell Houston, 
M. Windsor, A. Salter, Captain G. W. Williamson, J. S. Dines, A. C. Thornton, 
W. L. Avery (9). 
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Students —W. E. Boyes, H. G. Sanders, G. E. Petty, J. B. Gott, H. E. 
Ramshaw, A. W. Holden, A. Basil Miller, E. Symonds, H. S. Child, A. D. T. 
Taylor (10). 


The Technical Terms Committee. 


This Committee of the Society has now been adopted en bloc as the Nomencla- 
ture Committee of the Engineering Standard Committee. 


Educational Lectures. 


Courses of lectures are being delivered at the Royal Aircraft Factory, South 
Farnborough, Birmingham (Midland Institute), Bristol (Merchant Venturers’ Col- 
lege), Hammersmith (Grove Hall), and Southampton (University College). The 
Council express their thanks to the Austin Motor Co., Ltd., Messrs. A. V. Roe, 
Ltd., Messrs. Gwynnes, Ltd., the British and Colonial Aeroplane Co., Ltd., and 
to Sir Henry Fowler (Superintendent, Royal Aircraft Factory), Dr. A. Hill (Princi- 
pal of University College, Southampton), and the Vice-Chancellor of Bristol Uni- 
versity for the interest they have taken in the arrangements, and to Captain F. M. 
Green, Mr. E. Relf, Mr. A. Fage, Captain F. S. Barnwell, Mr. R. O. Boswall, 
Commander C. C. Turner, Lieutenant-Colonel Fletcher, Captain Aston, Captain 
J. S. Irving, and Prof. W. G. Duffield for delivering the lectures. Other lectures 
will shortly be given at Hendon, Peterborough, Coventry, Norwich, Lincoln, 
and Leeds. 


Appointments. 


An “ Association of Metallurgical Chemists ’’ has been formed in Sheffield. 
The President is Dr. W. H. Hatfield, A.F.Aé.S. 


The Library. 


Mr. Chas. Bright, F.R.S.E., has presented to the Society two interesting 
engravings, portraits of, two of the founders; these are the 8th Duke of Argyll 
and Sir Charles Bright. The Council desire to offer their thanks to Mr. Bright 
for his appropriate and welcome present. The first Council of the Society con- 
sisted of the Duke of Argyll, the Duke of Sutherland, Lord Richard Grosvenor, 
the Earl of Dufferin, James Glaisher, F.R.S., Fred. W. Brearey, Sir Charles 
Bright, James William Butler, Sir William Fairbairn, F.R.S., J. E. McConnell, 
Magnus Ohren, Hatton Turnor, F. H. Wenham, H. E. Westcar and Henry 
Wright. The Secretary would be glad to receive portraits of any of these 
founders. The Society already possesses portraits of Mr. James Glaisher and 
a William Fairbairn. It is desired to form a complete collection for the 
ibrary. 
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THE TECHNICAL HISTORY OF THE AEROPLANE. 


BY MAJOR F. M. GREEN, A.F.AE.S., A.M.I.C.E., R.F.C. 


1. Technical History and Development of Flying. 


The history and development of mechanical flight may be confined almost 
entirely to the present century. In the last century some success had been achieved 
in gliding flight, model aeroplanes had been made and flown, and at least two 
man-carrying aeroplanes had actually left the ground, but it was not until the 
year 1903 that the Wright Bros., having ended a painstaking research in gliding 
flight, earned for themselves the honour of being the first men to fly. 

Directly the success of the Wright Bros. became known, or rather when 
people began to believe that what the Wright Bros. claimed was actually true, 
the development of flying became rapid in the extreme. To-day one is tempted 
to wonder why it was that it had taken man so many centuries of civilisation to 
do what now seems to most of us rather an ordinary thing. We can call to mind 
nothing in the nature of an invention, nothing new in first principles. We hear 
of flights from Turin to London, of aeroplanes that carry loads that are measured 
in tons, we know that flying is common at heights of four miles or more, where 
the air is less than half its usual density. When we hear of these things it seems 
as unbelievable to us now that until 15 years ago no one had flown for half a mile 
carrying just his own weight as it seemed unbelievable to us 15 years ago that we 
should ever fly at all. 

The chief reason why the development has been so rapid is undoubtedly that 
until an aeroplane had been made to fly at all, experimenting on full scale was 
impossible. It reminds us of the advice of the old lady to her grandson, ‘‘ Don’t 
go near the water until you have learnt to swim.’’ Directly mechanical flight 
was possible, full scale experiments were carried out, often at the risk of the life 
of the experimenter, and the more obvious problems became apparent. All the 
skill of the engineer and all the resources of science were called in to solve the 
problems as they occurred, until in the short space of 14 years our scientific know- 
ledge of aeronautics compares very favourably with the world old science of 
navigation of the sea. 

It is the intention of this paper to discuss the progress that has been made 
in dynamic flight and to consider the chief factors that have made this progress 
possible. An attempt will be made to state in a general way the standard of 
development as it exists to-day, and to consider the possible direction of progress 
in the future. 


2. Definition. 


The flying machine is an apparatus in which an arrangement of surfaces is 
moved in such a way that the reaction of the air provides a vertical component 
of the force on the surfaces equal to the weight of the apparatus. An aeroplane, 
as we know it, has its supporting surfaces fixed relative to itself and is drivea 
forward by the reaction of one or more airscrews. 


Besides an aeroplane, two other sorts of flying machines have offered possi- 
bilities to the inventor. One is known as the Helicopter, in which the lifting 
surfaces are revolved in a horizontal plane. The second is called an Ornithopter, 
and in this the supporting surfaces are moved in a way to imitate a bird flapping 
its wings. Although both these types are conceivably possible, their usefulness 
and practicability appear doubtful and it is only proposed in this paper to consider 
the aeroplane as we know it. - 
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3. Aeroplane Performance. 


At the beginning of flying, the mere fact that an aeroplane left the grouad 
at all was considered sufficient proof of its excellence. Nowadays we make careiul 
measurements of the characteristics of each new aeroplane at various heights, 
and the word ‘‘ performance ”’ is used to refer to the speed, rate of climb, and 
load carried. A good performance is one of the important essentials of usefulness 
of an aeroplane, and we will now consider the factors that have enabled us to 
improve so much on the early aeroplanes. 


There are four main factors that govern the performance of an aeroplane ; 
they are :— 
I. The wing surface that supports the weight. 
II. The total weight supported in flight. 
III. The resistance of the aeroplane to forward motion. 
IV. The thrust available from the airscrew or airscrews. 


These factors are very intimately connected, and each in turn will be con- 
sidered, its effects discussed, and the possibility of improvement outlined. 


4. Supporting Surface. 


Considering the first factor, the wings, it is necessary to know how to express 
the value of any particular arrangement of surfaces. The result at which to aim 
is to obtain the maximum vertical reaction or lift for the minimum horizontai 
reaction or drag. The term lift drag ratio is, therefore, a measure of the effective- 
ness of a plane. Another attribute is, however, desirable, viz., that the lift per 
square foot of plane shall be high, so that as little surface as possible need be used 
for a given minimum speed of flight. 


Planes vary in curve, plan form, and arrangement and number of surfaces. 
The designer will vary these factors according to the sort of aeroplane he wishes 
to make. 


5. Wing Section. 


The Wright Bros. did not know if they would be able to fly at all. They 
chose deeply cambered wing sections so that the maximum lift could be obtained 
at the minimum speed. The lift drag ratio of their planes was probably about 
12 to 1, very much better than still earlier experimenters could obtain with flat 
planes. Present day wing sections enable us to get a lift drag ratio of 17 to 18, 
while model tests have shown as good a ratio as 23. 


This has been done at some sacrifice of maximum lift coefficient, that is to say, 
for a given minimum speed we need more surface to support a given weight than 
with a more cambered plane with a worse lift drag ratio. It would be an advan- 
tage if we could vary the camber of a plane to suit the speed, and many attempts 
to do this on an aeroplane in flight have been made. Unfortunately, apart froin 
increased complication, the increased weight is likely to cause greater loss than 
gain. 

Shortly before the war an experimental aeroplane was made at the Royal 
Aircraft Factory, which was fitted with wing flaps nearly the whole length of the 
plane. These flaps could either be turned down for low speed, or up for high 
speed, or they could be used differentially for balancing. It was in fact rather a 
crude way of varying camber. Although it achieved the distinction of being 
possibly the fastest aeroplane of the day, it was eventually considered that the 
extra weight and complication did not justify the device. 


_ From many considerations it appears that much improvement in lift drag 
ratio is unlikely, but when the speed of aeroplanes becomes very much greater 
than it is to-day, it is quite possible that some device for changing the section 
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of a plane during flight will be found necessary to obtain a reasonably slow 
landing speed. 


6. Plan Form. 

Planes are generally made nearly rectangular in plan but with the ends more 
or less rounded. The ratio of span to chord is called aspect ratio and the higher 
this is made the better will be the lift drag ratio. Here again it is necessary to 
compromise, as the bigger the span of the aeroplane the heavier will be the wings, 
the greater the resistance of the necessary bracing and the rapidity of the 
manceuvring of the whole aeroplane will be decreased. From practical considera- 
tion, therefore, the aspect ratio of an aeroplane is generally from 5 to 8; recently 
some large aeroplanes have gone considerably beyond this figure, but it is very 
doubtful if anything has been gained. 

Little is known as to the effect of using planes other than roughly rectangular, 
but it is not very likely that much improvement will be found with planes of other 


shapes. 


7. Arrangement of Surfaces. 


The original aeroplane of the Wright Bros. was a biplane, consisting of 
two planes separated by about the width of the chord. Shortly after, monoplanes, 
triplanes and quadruplanes were made and flown. It is fairly certain that the 
most efficient plane is the monoplane, for there is no possibility of interference 


‘of the planes as there is on the multiplane. A biplane, however, is probably only 


a little worse than the monoplane, while a triplane is a little worse than a biplane, 
and so on. Structurally, the biplane is very much easier to make than the mono- 
plane and, owing to this, the biplane construction has been almost universally 
adopted. Triplanes and quadruplanes have not had very much success although 
it is quite possible that for very large aeroplanes the advantages gained in con- 
struction may outweigh the disadvantages of their somewhat low effectiveness. 

From time to time suggestions have also been made that the amount of wing 
surfaces should be varied. This again is a complicated thing to do, and with 
modern wing sections there is practically never any gain in reducing wing surface, 
in fact most aeroplanes would fly faster and not slower by having more surface 
if such surface could be introduced without extra weight or external resistance. 
This applies particularly to flying at heights. 


8. Weight. 


The total weight that is carried on an aeroplane is obviously an all-important 
factor. Reduction in weight will always mean an increase of performance, and it 
will, therefore, be useful to see what prospects we have of decreasing weight of 
aeroplanes of any given type. We will divide the aeroplane into the following 
components :— 

Useful load. 

Motor unit. 

Fuel, oil and tanks. 

Remainder, being aeroplane parts proper. 


The object of the aeroplane flying at all is of course to carry a useful load 
for a certain distance. In this load we do not include fuel and oil, and as the 
tanks vary in weight with the amount that has to be carried, it is convenient to 
include in the. fuel and oil the weight of the necessary tanks and pipes. 


For the purpose of general analysis it is assumed that the motors consume 
the same amount of petrol per b.h.p. per hour and the figure .7lbs. per h.p. hour 
is sufficiently accurate to cover the weight of fuel, oil, tanks, and pipes. There 
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are, of course, engines which do better than this and many which do considerably 
worse. It is, however, a fairly good average for motors as they are now. 


Analysing a number of aeroplanes that have been used under active service 
conditions it has been found that apart from the useful load, the motor unit, and 
the petrol, oil and tanks—the remainder representing the aeroplane proper—is 
very nearly one-third of the whole weight—32% being rather nearer. This weight 
includes the wing structure complete, the body complete with its fairing, floor, 
seats, controls, instruments, etc., the tail plane, elevator, rudder and fin, and the 
landing gear and tail skid. This weight is on the average made up as follows :— 


Percentage of Of total 

aeroplane parts. weight. 
% % 
Wing structure complete es inn 13 
Tail plane, elevator, rudder and fin... 6 2 
Landing gear _... 4 


If we take 32% as the weight of the aeroplane proper we have the balance of 
68% to divide up amongst the motor unit and its fuel and the useful load. 
Diagram I. shows the combined weight per h.p. of the motor unit with its fuel, 
oil and tanks for various times of flight. 


We have now only to decide what perceptage of useful load we shall carry, 
and for what time it is to be carried, and we can find at once the weight per h.p. 
of the complete machine. Diagrams II.-VI. show weight per h.p. with the useful 
load percentages of 15, 20, 25, 30 and 35%, using motor units of 1, 2, 3, 4, or 
sibs. per h.p., and for duration of flight of 1 to 12 hours. We shall see later 
that from the figure of Ibs. per h.p. of the loaded aeroplane, we can get a very 
good idea of its probable performance. 


It is not pretended that these diagrams give more than a generalised idea 
of what can be done. Obviously, special requirements may affect the figures to 
a considerable extent. They are intended only to serve the purpose of describing 
average good aeroplanes as they are to-day. 


9. Possibilities of Reduction of Weight. 


The weights of the aeroplane parts have now been fined down to a considerable 
extent, and, except for the use of newer materials, progress in saving weight is not 
likely to be very pronounced. Undoubtedly as time goes on we shall learn to 
make equally strong structures for less weight and the development of aluminium 
alloys and pressed metal construction may help to a marked extent. At the 
present moment wood is used very largely in the construction of both the bodies 
and wings. To a great extent this is due to war urgency, and no doubt aeroplanes 
of the future will be made of more durable materials. 


The chief particular in which it is probable that weight will be reduced is in 
the weight per h.p. of the motor. Although progress in this respect has been 
remarkable, it is probable that we have not nearly reached the limit of weight in 
internal combustion motors. At the present day the complete motor unit, i.c., 
the motor itself, the airscrew, water and radiator if water-cooled, exhaust pipes, 
and so on, weighs generally from 3 to 4lbs. per h.p. Certain very light motors 
have been made in which the weight is very little more than 2lbs. per h.p. It is 
quite conceivable that in the next few years motor units of 1dlbs. per h.p. will be 
available, and in all possibility with the improvement in material will enable us 
i. make motor units weighing not more than 1b. per h.p. in the more distant 
uture. 


With regard to fuel consumption the best petrol motors have a brake thermal 
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of efficiency of about 30%. It may be this will be improved and here again saving 
of weight may be effected. 

The only motive power used to-day is supplied by internal combustion engines. 
Some day no doubt a lighter form of motive power will be developed, and it is in 
this respect that the most startling progress may be expected. 


10. Resistance of the Aeroplane to Forward Movement. 


The resistance of the aeroplane is made up of two factors. The first is the 
resistance of the main planes, which has already been discussed in para. 5. 
The second item is made up of the resistance of the body, the struts, wires and 
fittings of the wings, the landing gear, tail plane, rudder, and so forth. These 
can all be grouped together under the general term of body resistance. It is in 
respect to the reduction of this resistance more than anything else that tie modern 
day aeroplane owes its superiority over that of the original Wright machine. 

The first man who seems to have understood the importance of reduction of 
resistance was the late Edouard Nieuport, who in tg09 produced an aeroplane 
with a very fat body which almost completely enclosed the pilot and succeeded 
in making a big improvement in speed on an aeroplane of comparative small 
power. Since that day all modern aeroplanes have bodies which are enclosed as 
completely as the requirements of the pilot’s view allows. 


11. Details of Resistance. 


The resistance of the external parts of the aeroplane has now been fined 
down to a considerable extent; modern day aeroplanes do not differ very much 
in this respect. The various components of the aeroplane will generally be found 
to have the following proportional resistances :— 


% 
Tail plane, fin, rudder and elevator ... 
Wires, struts, ‘and fittings of the wing structure = an 


It will be noted that by far the larger part of this resistance is made up of 
the body itself. A large part of the body resistance, however, is really used in 
providing cooling for the engine, whether it is an air-cooled or water-cooled engine. 
Whether the radiator is let into the body or is external to it does not appear to 
make a great deal of difference. The body is also of greater resistance than it 
need be, as it is necessary that the pilot shall have a good view and shall not be 
entirely enclosed. Bodies round in section are somewhat lower in resistance than 
the square bodies, but the difficulties of manufacture generally make their use 
undesirable. It is not likely that we shall be able to reduce the body resistance 
to a very great extent unless we can use a motor which does not require external 
cooling. It is true that it would be possible to use the complete surface of the 
body or of the wings as a radiator and by this means the waste of power would be 
negligible, but in order to do this the radiator becomes an impracticable and 
heavy piece of apparatus. 


The resistance of the landing gear is considerable and it is difficult to see 
how this can be very much reduced. It has been suggested by many people that 
the landing gear could be stowed away inside the body while the aeroplane is in 
flight, and no doubt in the future this may be done. It is however very difficult 
to design a folding landing gear without an undue sacrifice of weight or a large 
increase in the cross section of the body. 

Another factor which influences the resistance of the aeroplane to a consider- 
able extent is the increased resistance of the parts of the aeroplane that are in 
the slip stream of the airscrew. The allowance to be made for this is not known 
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very definitely, as in either a tractor or pusher aeroplane the resistance of the 
body itself tends to increase the efficiency of the airscrew. 


12. Thrust Available for Flight. 


The thrust available from the airscrew varies directly as the h.p. of the motor, 
directly as the airscrew efficiency, and inversely as the forward speed of the aero- 
plane. If the efficiency is constant the thrust available at any speed will depend 
upon the horse-power of the motor, consequently the weight per h.p. of the whole 
aeroplane is an expression for the ratio of thrust to weight of aeroplane. In 
para. 8 a general method has been described for obtaining the proportional 
weight per h.p. of an aeroplane knowing the weight per h.p. of the motor, the 
number of hours of flight and the percentage of useful load that has to be carried. 
As in practice the efficiency of the airscrew does not vary very much, and as the 
resistance of modern day aeroplanes per lb. of weight is fairly similar, it is possible 
to predict rather roughly the performance of the aeroplane simply from the weight 
per h.p. figure. 

In Diagrams VII. and VIII. an attempt has been made to average up the 
performance of the best present day aeroplanes. In Diagram VII. the probable 
climb is plotted against the weight per h.p., and in Diagram VIII. the curves 
show the probable speed of aeroplanes of varying weight per h.p. at various 
heights. 

It is not suggested that no aeroplane has ever performed better than this. 
The Diagrams VII. and VIII. are intended to show the standard to which good 
present day aeroplanes have attained. 


13. Airscrew Efficiency. 


We have said that airscrew efficiency does not vary much in practice. There 
is, however, a considerable difference between the best attainable efficiency and 
that obtained under certain conditions. 


As Lanchester has shown in Aerodynamics, for maximum airscrew effi- 
ciency the pitch must be a little greater than the diameter. From first principles 
also it is easy to see that the diameter must be a certain minimum so that the 
loss in the slip stream shall be small. Now it is always convenient to have an 
airscrew as small as possible, for when it is smaller it will be lighter and less 
in the way. 


Again, unlike the screw of a ship, the airscrew has to work at bigger thrusts 
when the aeroplane is going slow and climbing than when it is going at full speed 
on the level. As a consequence the airscrew of a modern aeroplane nearly always 
has its maximum efficiency when its effective pitch is at its largest, i.e., when 
it is going fast, and its efficiency is lowest when the pitch is small, that is, when 
the aeroplane is climbing. 


Another disadvantage when the aeroplane is climbing is that the engine is 
more heavily loaded and in consequence the airscrew goes slower. With engines 
as they are this always means less horse-power. We need, therefore, either a 
change speed gear or an airscrew in which the angle of the blades can be changed. 
This will avoid a drop in horse-power and to a lesser extent the loss of efficiency 
when climbing. We also need, however, a propeller of varying diameter so that 
combined with a change of angle and a suitable engine speed we should get nearly 
a maximum efficiency under all conditions. 


There is not much room for improvement in airscrew efficiency working under 
the best conditions, as the efficiency is as high as 85%. When climbing, however, 
the efficiency will frequently drop to less than 65%. 


Attempts at variable pitch or variable angle airscrews have been made, but 
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none seem to have reached a practicable stage. The design of such a screw is 
quite possible and no particular invention is required to make it a success. As 
the demand undoubtedly exists, variable pitch airscrews will be made successfully 
and will become a standard part of the aeroplane equipment in the near future in 
all probability. 


14. Performances of the Future. 


The aeroplane flown by the Wright Bros. had a speed of 30 to 35 miles per 
hour, and we have in a few years made aeroplanes that fly four times as fast. 
What then are the prospects of the future? 

Before considering this we must consider the effect of height on the speed 
at which an aeroplane flies. 

In Diagram VIII. it will be noticed that the speed drops steadily as the 
height is increased, i.e., as the density of air is decreased. The reasons for this 
drop in speed are rather too lengthy to state in this paper (and are contained in 
an appendix to it). Very briefly, the resistance of the aeroplane and the horse- 
power of the engine each fall off when the density of the air decreases, but with 
engines as now designed the horse-power falls off faster than the resistance. 


It is now proposed to consider what speed we are likely to attain in an aero- 
plane of the future flying at a height of 10,000 feet. As it is a hypothetical 
aeroplane engine, we are entitled to assume that all the improvements outlined in 
the preceding paragraph are incorporated into it. The assumptions we wil! 
make are :— 


. That the planes have variable camber. 

. That the motor unit weighs 2lbs. per horse-power and will maintain 
this h.p. at all heights up to 10,000 feet. 

. That the body is the best possible shape, completely enclosed with 
no external fittings. 

. That the landing gear shall be folded inside the body during flight. 

. That the airscrew efficiency shall be 85%. 

. That the percentage of useful load carried shall be 15%. 

. That the duration of the flight shall be two hours. 


Referring to Diagram II., and assuming that the weight of the structure 
is as at present, the weight per h.p. of the complete aeroplane will be 6.4lbs. 
As we are considering a faster aeroplane than is at present made it may be as well 
to allow a little more weight for the aeroplane structure and we will assume that 
the weight per h.p. is 7lbs. 

We will now turn the percentage weights into lbs. by assuming that the 
useful load is to be 45o0lbs., which may be two people and luggage or perhaps 
one man and mails. The gross weight of the aeroplane will therefore be 3,ooolbs. 
and the h.p. of the motor 430. We will imagine that the aeroplane is of a type 
in which there is practically no resistance due to the slip stream of the airscrew ; 
also that the motor requires no external cooling. In order to accommodate the 
engine and crew we will consider that the biggest cross section of the body is 
12 sq. ft. approximately round in section. The resistance of such a body will be 
about 2lbs. to the sq. ft. at rooft. a second forward, i.e., 24lbs. in all. 


A 


The resistance of the rest of the aeroplane by careful design can be kept 
down to 16lbs. at rooft. a second, consequently at that speed the total resistance 
other than the wings will be golbs. 


The area of the wings necessary will be governed by the speed at which it is 
considered reasonable to land; taking 60 miles per hour as a possible speed and 
assuming that the planes can be converted into a deeply cambered section for 
landing, the permissible loading of the aeroplane will be 15lbs. per sq. ft., making 
a total surface of 200 sq. ft, 
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We will now take a speed of 350ft. a second, or 240 miles per hour and find 
the horse-power required at a height of 10,000ft., i.c., where the density of the 
air is .74 of the normal. The wing drag may be taken as a fifteenth of the weight 
as with wings of varying camber we shall be able to get a high lift drag ratio 
even at a small lift coefficient. The resistance due to wing drag, therefore, will be 
3,000 

As the aeroplane is flying at 350ft. a second the body drag will be 3.52 times 
what it was at rooft. a second, which will be 490lbs. As, however, the air is 26% 
less dense its resistance will be reduced to 364lbs. 

The total drag will be the sum of the body drag and the wing drag 564lbs. 
in all. Taking an airscrew efficiency of 85% on the power required for flying 
will be very nearly 430, which is just the power available. 

The example just taken may seem fantastic to many people here to-night ; 
it must be remembered, however, that when the Wright Bros. were flying at 
4c m.p.h., speeds of 150 may have seemed to them equally fantastic. On the 
assumptions we have made it is reasonably certain that a speed of 4 miles per 
minute can be obtained, and as motors of less weight per h.p. become available 
there is no reason why this speed should not be exceeded. 

The rate of progress in increase in speed will depend upon the demand for 
speed. If war were to last it is almost certain that speeds of much more than 
200 m.p.h. would be common in quite a few years from now. 


which is 200 lbs. 


15. Stability and Control. 


In the original Wright aeroplanes no attempt was made to obtain stability. 
The aeroplane was definitely unstable and required considerable care on the part 
of the pilot to keep it in equilibrium. - 

The early French aeroplanes were a little better in this respect, but the first 
aeroplane to prove that it really was stable, 7.e., it could fly without controls, 
was that designed by Lieut. Dunn. This was an aeroplane of somewhat curious 
construction and never became a success, although it certainly was stable; on a 
windy day it was somewhat difficult to persuade it to fly on a straight course 
and its control when landing seems to have been insufficient. Lieut. Dunn, how- 
ever, certainly showed that a completely stable aeroplane was a possibility. 


About the time at which Dunn was making his experiments certain German 
designers claimed that they had produced a stable aeroplane. No record seems 
to exist of any test that proved their aeroplanes were stable, and in any case 
they certainly suffered from lack of control. The first aeroplane of normal type 
that was proved to be stable was produced as the result of experiments carried 
out by the late Edward Busk. An aeroplane known as the R.E.1 was used for the 
first experiments and it was modified until it was made completely stable. Tests 
were carried out in order to prove that this aeroplane really was stable, and with 
Busk as pilot, carrying Col. Sykes as observer, a flight was made from Farn- 
borough to Salisbury Plain, in which the only control used was the rudder, and 
this for part of the time at least was worked by Col. Sykes. 


Since that day most English aeroplanes have been designed to be stable; 
it has been found that for purposes of fighting an aeroplane that is extremely 
controllable is necessary, and it has been also found that if an aeroplane is made 
too stable the controls are apt to become too heavy to make the aeroplane suffi- 
ciently sensitive. In modern day aeroplanes intended for war purposes the aim 
of most designers is to make the machine just comfortably stable over the range 
of speeds used in ordinary flight, but to provide sufficiently large controls that 
the inherent stability of the aeroplane can be entirely overcome. 


It is often asked if we have stable aeroplanes why do we still have flying 
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accidents? It would be quite possible to design an aeroplane in such a way that 
whatever the pilot did with the controls he would be unable to upset the equilibrium 
of the aeroplane. Such an aeroplane, however, would be valueless for fighting, 
and as practically all aeroplanes nowadays are made for war purposes there must 
continue to be an element of danger for the unskilled pilot. 


16. Structural Strength and Size. 
Increase in speed and the increase in controllability both tend to increase the 


_stress that will be put on the structure of an aeroplane in flight. Experiments 


have been carried out to determine the increased loads that are likely to occur 
when doing sharply banked turns and loops. It has been found that the load is 
frequently increased to three or four times the normal. 

Present day aeroplanes have to be very much stronger than before. Modern 
day machines that are expected to manceuvre rapidly are not considered tolerably 
safe unless the wings can support at least six times the weight of the aeroplane. 
Fortunately large aeroplanes for peaceful purposes will not be required to 
manceuvre very rapidly. This fact will have an important bearing on the possi- 
bilities of aeronautics. 

In an earlier paragraph it was stated that the proportional weight of the 
aeroplane parts proper was more or less constant. This applied only to machines 
of the sizes that are used now, i.c., up to about 6 tons loaded weight. As aero- 
planes are made bigger, if they are designed on similar lines, the weight of the 


_ wing structure per sq. ft. will increase, assuming they are to be designed for the 


same factor of safety. It is true that on the large aeroplanes now made this 
increase of weight is not very apparent because greater trouble is taken io 
economise in the design of the wings. This increase of weight, however, is likely 
to be important for machines of much larger size, but as we shall be able to use 
somewhat lower factors of safety the weight of the wing structure will not increase 
as rapidly as it would otherwise have done. ‘There certainly is a limit of size to 
which it is possible to build an aeroplane; what this size will be the future will 
show. It is safe, however, to say there will be no serious difficulties in building 
aeroplanes two or three times as big as the largest we have considered. 


17. Conclusion. 


The first few years in the history of flying have been years of remarkable 
progress and we are perhaps likely to be self-satisfied. We have no logical right 
to think that our flying machines of to-day are more than the crudest caricatures 
of the aeroplanes of the future. We engineers are a little apt to become so 
engrossed in our immediate difficulties of design that we do not see further ahead 
than is suggested by our own ideas, and make predictions for the future that only 
follow along the lines of progress that we can clearly see. 


The writer has often been asked if he thinks that flying will ever become an 
ordinary means of travel. His answer is that he does not think, but that he 
knows it will become so. Ten years ago to attempt to fly from place to place 
was considered suicide; five years ago it was an adventure; to-day to many of us 
it is a very ordinary affair. When we get an opportunity we use the aeroplane in 
preference to the motor car, the train, and the ship. We travel at a miserable 
100 miles per hour or so, in a noisy, cold, and draughty construction made mostly 
of canvas, wood and glue; yet we reach our journey’s end far quicker and in a 
happier state of mind than by any other means. A few years more and we shall 
laugh to think of the aeroplanes of which we are now so proud, we shall shudder 
at the risks we ran, and we shall travel with comfort, speed, and safety, 
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APPENDIX. 
EFFECT OF VARYING HEIGHT ON AEROPLANE PERFORMANCES. 


1. The effect of varying heights on the performance of an aeroplane is one 
of considerable complexity. If only primary considerations are taken into account 
then the matter becomes much simplified. The following notes are intended to 
serve as a guide and must be looked upon as approximate only. 

2. As an aeroplane climbs, it gets into air of less density. It is usual to say 
that an aeroplane is at a height of so many feet, meaning that the density as 
shown on the aneroid has dropped by a certain amount. The exact density at 
different heights depends upon the temperature and upon the height of the baro- 
meter at sea level. In these notes, however, it is assumed that the air density 
always bears a standard relation to the height. 

3. It will be necessary to consider the effect of a change of density of the 
air on the following parts of the aeroplane :-— 

The resistance of the wings. 

The resistance of the body and other external resistances. 
The power of the motor. 

The working of the carburettor. 

The efficiency of the airscrew. 

The reading of the air speed indicator. 

It will be useful to discuss each effect on each in turn and then to find out 
the combined effect on the aeroplane. 


Aeroplane Resistance. 


4. The resistance of the aeroplane can be considered to be made up of two 
parts :— 
(a) The resistance of the wings, generally known as wing drag. 
(b) The resistance of the rest of the aeroplane, generally known as body 


drag. 
Wing Drag. 


The resistance of the wings may be considered as a fraction of the total 
weight of the aeroplane. This fraction is generally expressed as a whole number 
and is known as the ‘‘ lift drag ratio.’? This lift drag ratio depends upon the 
speed at which the aeroplane is flying, and upon the density of air, or, as the 
angle of incidence also depends upon the same factors, it depends upon the angle 
of incidence. For wing curves usually employed the lift drag ratio is large at 
big angles of incidence and is gradually reduced until it is a minimum at a small 
angle of incidence—generally between o and 4° and then again starts to increase. 
In practice it is generally found that a high speed aeroplane flies near the ground 
at such an angle of incidence that the lift drag ratio is a little above its minimum, 
and when flying at about 10,000 feet the lift drag ratio is about a minimum. 
Generally, however, there is not very much difference in the wing drag over a 
considerable range of angles of incidence. 


If an aeroplane flies at a constant speed at various levels the angle of incidence 
will increase as the aeroplane gets higher. It is probable, therefore, that on a 
high speed aeroplane the wing drag will get slightly less up to a considerable 
height until the angle reaches about 2°, after which it will start to increase again. 
It may be expected, however, that there will not be very much difference in the 
wing drag for a present day high speed aeroplane from ground level to 10,900 feet. 
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Body Drag. 


The body drag, unlike the wing drag, will vary as the air density if the speed 
is kept constant, i.c., as the aeroplane gets higher the body drag will get less. 
It will be seen, therefore, that if an aeroplane flies at different heights at constant 
speed, part of the drag will remain constant and the other part will decrease 
with the height. The total drag, therefore, will decrease as the density of air 
decreases, but in a less proportion. 


The Power of the Motor. 


5. With a petrol motor of ordinary design the power depends primarily upor 
the weight of petrol which is burned per second. In order to burn petrol it is 
necessary to take in an equivalent weight of air. If the air is less dense it will 
only be possible to burn the amount of petrol equivalent to the reduced weight of 
air. If, therefore, the revolutions of the engine remain constant it is natural to 
expect that the horse-power of the engine will vary as the density. Experiment 
shows this is very nearly true. If the speed of the aeroplane remained constant, 
the speed of the engine would also remain practically constant—hence, for an 
aeroplane flying at constant speeds at various heights the horse-power required 
may be taken to vary directly as the density. 

If, however, the speed of the aeroplane changes then the speed of the engine 
will change in about the same proportion. If the engine is of such design that 
the torque is maintained throughout the working range of revolutions, then the 
horse-power will also be proportional to the change of revolutions. This is 
generally about true in cases of engines with fixed cylinders, but with rotary 
engines the torque generally varies so that the horse-power is nearly constant 
over the working range of speed. 


Carburettor. 


6. The effect of change of height on the carburettor if uncorrected for density 
is that the strength of the mixture will increase as the square root of the density 
ratio.. If the engine runs at constant revolutions, then at 10,000 feet, where the 
density is .74 normal, the power will drop to 74%, but the petrol consumption, 
instead of dropping to 74%, will be about half way between, i.e., 87%; hence, 
the mixture will be too strong by 13 parts in 74, which is 174%. It is a simple 
matter to arrange a hand control to compensate for this effect, and it may be 
considered, therefore, that the mixture strength is independent of the height. 


It should be noted that the addition of extra air cannot be expected to do 
more than make the power at any height proportional to the density. If the 
carburettor has been designed so that when the aeroplane is on the ground there 
is still an appreciable amount of throttling even when the throttle is full open, 
then the opening of extra air inlets may make the power slightly more than pro- 
portional to the density. As carburettors are almost always fitted to give the 
maximum power on the ground, this effect is seldom appreciable. 

It has also been suggested that the power of the engine could be kept up by 
taking advantage of the increased draught due to the speed of the aeroplane. 
This effect is very small and even on a high speed aeroplane will correspond to a 
change of height of only a few hunderd feet. 


Airscrew. 


7- The revolutions of the airscrew will of course be the same as or propor- 
tionate to the revolutions of the engine. The efficiency of the airscrew depends 
only upon the advance per revolution of the screw. If the aeroplane travels at 
constant speed, this will be nearly unchanged, consequently the efficiency of the 
airscrew will also practically remain unchanged. : 
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Air Speed Indicator Reading. 


8. If the aeroplane flies at constant speed at various heights, then the reading 
of the air speed indicator will fall off as the square root of the density, At 10,000 
fect, where the density is .74 normal, the air speed indicator will read 86 miles 
per hour, if the aeroplane is flying at 100 miles per hour. 


Actual Performance of the Aeroplane. 


g. Considering the above factors together it is possible to obtain an idea of 
their combined effect on the aeroplane performance. We have seen how the aero- 
plane resistance will decrease as the density decreases, but in a less proportion, 
while the motor power will decrease almost exactly as the density. In order that 
the aeroplane should go at constant speed it is of course necessary for the power 
of the engine to be proportional to the resistance of the aeroplane. As the motor 
will become relatively less powerful we may expect the aeroplane will go slower 
as it gets higher. 

Again, the effect of the aeroplane going slower is that the engine will also 
go slower; hence, with most types of engines there will be an additional loss of 
power, causing the aeroplane to yo slightly slower still. This last effect could 
be nullified by having a variable pitch propeller or by running the engine at rather 
above its best speed when near the ground. In consequence of going slower, 
the advance per revolution of the airscrew will be slightly less and it will generally 
be found that the airscrew efficiency will have dropped for the same reason— 
hence, for this reason as well the aeroplane will go slower. 


It should be noted that if an aeroplane has its planes exceptionally lightly 
loaded then the wing drag may be expected to decrease enough to counteract the 
other effects and the aeroplane may go the same speed or even faster at some 
particular height. This, however, is unusual, and an aeroplane so designed would 
probably be heavier than and not as satisfactory as an aeroplane with less surface. 


Engine giving Constant Power at all Heights. 


10. If an engine is so designed that its horse-power remains constant at a 
given number of revolutions irrespective of the density of the air and if it is 
capable of giving the same torque up to the revolutions required, then it will be 
found that the speed of the aeroplane will increase inversely as the square root of 
density, 7.c., at 10,000 feet the speed will be 16% greater than when it was on the 
ground. At the same time, however, it would be necessary for the engine to 
run at 16% higher speed. The air speed indicator reading will be the same as it 
was when the aeroplane was on the ground, and consequently the angle of incidence 
of the machine will remain the same. The lift drag ratio will also remain the 
same, while as the revolutions of the engine and the speed of the aeroplane have 
gone up by the same amount, the efficiency of the airscrew will also be the same. 
The engine, however, will in fact be developing 16% more horse-power on account 
of its greater revolutions. 

If the engine is kept to the same horse-power as it was before, then the 
increase of speed instead of being 16% will be about half. The engine will have 
to run faster, consequently it will be necessary either to run the engine a little 
slower on the ground or provide a variable pitch airscrew. It should be noted, 
therefore, in this case the engine speed will increase as the aeroplane gets higher 
instead of decreasing as it does with engines now used. 


Effect on Climb. 

_ Ir. The preceding paragraphs deal with the question of speed at height, it 
being assumed that the aeroplane is flying level. ‘Ihe case where the aeroplane 
is climbing is somewhat different. 
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It is customary when climbing to keep the air speed indicator reading con- 
stant, and this in fact will give nearly the best results. As a consequence the 
angle of incidence remains unchanged throughout the climb, and consequently the 
resistance of the aeroplane remains the same. As the indicated air speed at 
10,000 feet is less than the true air speed, the horse-power required to maintain 
the aeroplane in flight will increase continually. 


It will be found, however, that the normal revolutions of the engine 
will remain nearly constant, although if the air speed indicator reading is kept 
constant, a small increase of revolutions might be expected. With an engine 
designed for constant power at all heights the revolutions will tend to increase 
with the height. This will be no disadvantage, as when climbing the engine is 
always running below its maximum permissible speed. As a consequence, the 
gain in climb with an engine of this type will be somewhat greater than would at 
first have been anticipated. 


Effect of Slip Stream. 


12. No allowance has been made in these notes for the effect of the slip 
stream in increasing the body resistance of the aeroplane. The effect is in prac- 
tice considerable, particularly when climbing. At a given speed the effect is 
roughly proportional to the thrust of the airscrew and consequently to the horse- 
power which the engine is developing. It is also proportional to the true air 
speed; for both reasons the loss due to this extra resistance will be less marked 
the higher the aeroplane flies. 


Variable Pitch Airscrew. 


13. The advantage of variable pitch airscrew is that the airscrew can be 
adjusted so that the engine always runs at the speed at which it gives its best 
horse-power. The chief advantage of this is that when climbing the revolutions 
of the engine with a normal type of airscrew are always lower than when flying 
level, consequently the horse-power which the motor is developing is also lower. 
By using a variable pitch airscrew more horse-power could be got out of the motor 
when climbing. 

An additional advantage, as has already been seen, would be that the revolu- 
tions could be kept constant at any height, whether with a normal type of motor 
or constant power motor. <A further advantage would be that instead of 
throttling the motor down to obtain reduced speed, the pitch of the airscrew could 
be increased so as to reduce the revolutions of the motor, and consequently the 
horse-power—greater petrol economy and less wear and tear on the motor would 
result. Finally, if it were necessary to fly the aeroplane downhill in order to 
increase the speed, this could be done by increasing the pitch so as to avoid 
running the motor at revolutions higher than the normal. 


Conclusions. 
14. From the preceding paragraphs the following conclusions may be 
drawn :— 


Normal Type of Motor. 


(a) The total resistance of the aeroplane at constant speed will decrease with 
the height until the angle of incidence is so large that the wing drag increases 
rapidly. This will not occur until the aeroplane has nearly reached its maximum 
height or ‘‘ ceiling.”’ ; 


(b) The rate of decrease of resistance will be greatest on an aeroplane which 
flies at a very small angle of incidence near the ground, i.e., one in which the 
planes are lightly loaded and has low ratio of weight per horse-power. 


| 
fi 
| | 
4 


16 THE AERONAUTICAL JOURNAL LJanuary, 1918 


(c) The horse-power of the motor and consequently the thrust is likely to 
decrease at a greater rate than the resistance of the aeroplane at constant speed— 
hence, the aeroplane will fly slower as it gets higher. The motor will also go 
slower and will be capable of giving less horse-power on account of its reduced 
revolutions ; also the efficiency of the airscrew is likely to drop slightly. These 
subsidiary reasons also cause the aeroplane to go slower. 


Constant Power Motor. 

(d) With a motor that will give constant power at all heights, then the thrust 
of the airscrew at constant speed of the aeroplane will remain the same, conse- 
quently the aeroplane will go faster as it gets higher. The motor will also go 
faster, and if capable of giving the same power at higher rate of revolutions, will 
tend to make the increase of speed greater. 

(e) When climbing the revolutions per minute of the normal type of motor 
will remain nearly constant while the revolutions on the constant power motor will 
increase with height. 


(For Discussion, see page 30.) 
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METEOROLOGY IN RELATION TO AERONAUTICS. 


BY W. H. DINES, F.R.MET.S., F.R.S., FELLOW. 


I have been asked by your Council to address you to-night on one or more of 
the many points where aviation and meteorology come into contact. I cannot 
lay claim to much knowledge of aviation and my excuse must be the rapid increase 
of such knowledge during the last few years and the fact that under our present 
conditions much of it must be of a confidential nature; but the importance of 
meteorological conditions for the practical business of flying is so obvious and so 
great that I think it may be of use and interest to point out the effect that the 
more prominent meteorological phenomena have upon aviation. 


The ordinary data that are observed at a meteorological station are the 
following :—The temperature, the barometric pressure, the humidity, the rainfall, 
and the strength and direction of the wind. These elements are recorded at many 
stations by automatic instruments, at other stations eye observations are made 
at stated hours each day, so that there is at the present time a vast accumulated 
mass of information, more indeed than some think is needful, and the mean value 
of any of these elements at any time of the day or year and in any part of the 
British Isles is fairly well known. Observations are also made of the current 
phenomena such as fogs, thunderstorms, snow, etc. 


I propose to take these data in order and consider their bearing upon aviation. 
They are readily obtainable at the time and place of starting, but the aviator 
requires them for the height up to which he proposes to fly and for the future 
time during which he is to remain in the air. 


The Temperature. 


The temperature of the air is not of itself, perhaps, of very great importance, 
though the cooling of the engine and the comfort of the airman depend upon it 
to some extent, but the temperature has more effect upon the density of the air 
than any other element, except the pressure, and since the lifting power of the 

‘machine for the same speed varies as the density, and also a correct measure of 
the height depends upon the temperature being known, it is necessary to discuss 
first the conditions that usually prevail. 


It is and has been for long past perfectly well known that an increasing height 
is in general accompanied by a falling tempertature. Even in the Tropics it is 
possible to reach the level of perpetual snow on the mountains; and in Scotland, 
although none of the mountains are high enough to reach the snow line, yet in 
ree places the winter drifts do not entirely melt so that snow may always be 
ound. 


. The reason for this decrease of temperature is fairly simple. As air comes 
under the decreased pressure of a higher level it expands, and expanding air is 
cooled by its own expansion. The converse process is apparent to a person using 
a bicycle pump, the air has to be compressed to be driven into the tyre, the com- 
pression occurs in the lower part of the barrel, which in consequence may become 
too hot to touch. The whole process is known as dynamic heating and cooling 
and to it chiefly the fall of temperature with height is due, although some small 
part of the effect may be due to the laws of radiation. The fact that the upper 
layers of air are nearer the sun is sometimes brought into the discussion of this 
question. It seems almost superfluous to point out that the few miles difference 
of distance is utterly insignificant in comparison with the distance of the sun, 
viz., ninety million miles. 


ing 


18 THE AERONAUTICAL JOURNAL (January, 1918 


The following figures give a general idea of the fall of temperature with 
height. Like all other figures given in this paper, unless the contrary is expressly 
stated, they refer to England, and more particularly to the South-East of England, 
but they will hold without much error for latitude 50° to 55° N. 


TABLE I. 
Height. Temperature. 
Kilometers. Feet. Jan. April July. Oct. 
Surface —_ 276 82 89 83 
I a 3,281 71 76 83 79 
2 ee 6,562 67 70 wi 75 
3 9,843 63 65 73 70 
4 13,124 57 59 67 64 
5 16,405 50 52 61 58 
6 19,686 43 46 55 51 
7 22,967 37 39 47 45 
8 . 26,298 30 32 41 38 
+++ 29,529 24 26 34 31 
10 .. 32,810 20 22 20 2 
II 35,001 17 19 22 20 
12 17 eo 22 19 
13 16 21 23 18 
14 45,934 16 21 22 17 


The temperatures are given for a reason subsequently explained in absolute 
measure, C., with the first 2 omitted. On this scale 273 is the freezing point, 
50° F. corresponds to 283°, — 4° F. to 253°, — 40° F. to 233°, and —67° F. to 
218°. 

The fall of temperature for a given height is called the temperature gradient ; 
but inasmuch as the term ‘‘ gradient’’ is so commonly applied to changes 
occurring in a horizontal direction it seems better to avoid the term to denote 
a change in the vertical direction and hence “‘ lapse rate’’ has been suggested. 
The lapse rate is usually measured in degrees centigrade per kilometer because 
the observations have very largely been made in connection with an international 
scheme and uniformity of units is essential. A rate of 10° C. per km. is equiva- 
lent to 5.49° F. per 1,000 ft. 


The case when the temperature rises instead of falls with increasing height 
is called an inversion; inversions are common in the lower strata and the fall of 
temperature nearly always ends with some sort of an inversion at a height between 
8 and 13kms. (5 and 8 miles). 


Broadly speaking, the average lapse rate up to 30,000 ft., the only part of 
the atmosphere with which we are concerned, is the same all the world over, so 
far as we know, excepting where the temperature is very low, as it is in Canada, 
Siberia, etc., in the winter. Very low temperatures with calm and a clear sky 
nearly always, perhaps always, have an inversion over them, so that although the 
winter temperature in Russia is much below that in England, at 6,000 ft. the 
difference is not nearly so large. Near the equator the lapse rate for the first 
few kilometers is about 5° per km., increasing to 7° or rather over at higher levels 
just as in England, but over the Tropical regions the fall is continued 

_to a much higher level, to 16 or so instead of to 10.5 km. as over England, with 
the result that the lowest natural temperatures ever registered have been found 
at a height of 10 miles over the equator. There are not enough observations to 
give a very accurate mean value, but it is about — 80° C., whereas over England 
it is — 54° C. 

The values in the table are for England. The annual range that we have at 
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the surface is seen to extend upwards to about to to 11 kms., say 7 miles, or 
35,000 ft. The times of the lowest and highest temperature in the South-East of 
England at the surface occur in January and July, but above some 5,000 ft. these 
dates occur about a month later. Thus, other things being equal, the tempera- 
ture decreases with height more rapidly in the spring than in the autumn months. 
The difference, however, is not great enough to be of much practical importance. 


The daily range of temperature is quite small at a few thousand feet above 
the earth’s surface, as indeed it is also over the sea, but it is large at inland 
stations in clear weather near the ground. The lapse rate in the first few thou- 
sand feet is therefore very dependent on the time of day. About sunrise in calm 
clear weather there will nearly always be an inversion in the first thousand feet, 
so that an aviator will rise quickly into warmer air. On the other hand, on a 
sunny afternoon in late spring or summer the fall of temperature for 3,000 ft., 
perhaps for 5,000 or 6,000 ft., will be as great as the conditions of equilibrium 
permit. This rate, known briefly as the ‘‘ dry adiabatic ’’—it refers only to air 
in which clouds are not being formed—is 1° C. per 100 metres, or 1° F. per 1go ft. 


The lapse rate also depends upon the height of the barometer, being much 
greater in the lower strata when the barometer is low than when it is high. With 
a deep cyclonic depression, barometer 29.00 at mean sea level, the probable tem- 
perature at 7 km. height (23,000 ft.) is — 39° C., whereas with an anti-cyclone, 
barometer 30.30, it is probably — 27°, a difference of 12° C. (21.6° F.), about 
equal to the difference between January and July. With a low barometer the 
lapse rate is large up to say 9 km., but ceases there, with a high barometer the 
lapse rate is small up to 5 kms., there is in most cases an inversion somewhere 
under 6,000 ft., but the fall of temperature is continued to say 12 kms., or maybe 
13 kms., with the result that the upper part of the atmosphere, a part far beyond 
the reach of any aeroplane, is much colder over the anti-cyclone than over the 
cyclone. 


An inversion of temperature is found, too, I believe invariably, over a certain 
type of stratus cloud. At least, on every occasion on which @ have succeeded by 
means of kites or balloons in getting an observation, an inversion has been found. 
An inversion is not, however, present over every cloud sheet. The type of cloud 
I mean is a thin cloud, generally with gaps in it, which permit stars or the moon 
near the zenith to be seen, but do not permit the winter sun, on account of its 
low altitude, to be seen. It is common in winter when the barometer is high. 


The Barometric Pressure and the Density. 


The aviator is affected by the barometric pressure in many ways. The density 
on which the lift exerted on the wings of his machine depends is proportional to 
it, the running of his engine is influenced by it, and his aneroid which purports 
to show him his height, although the scale may be marked in feet, really shows 
him the pressure and nothing else. His speed indicator also depends on it. 


The direction and strength of the upper wind depend upon the distribution 
of pressure, but this matter will be considered under the heading ‘‘ Wind.”’ 


The barometric pressure is simply the weight of the overlying air. The air 
consists of a mixture of various permanent gases, the proportions in which these 
gases are mixed being constant, together with a certain quantity of water vapour, 
the proportion of which to the whole is very variable. But the actual percentage 
of water vapour in the air in these latitudes is small and its effect upon the density 
is trifling and we may in this connection neglect it without serious error. 


The average barometric pressure at sea level is about 15 Ibs. on each square 
inch, which means that if we take a column of air of 1 sq. in. cross section 
reaching up from sea level to the top of the atmosphere the air in such a column 
will weigh 15 Ibs. At greater heights the overlying column is of course shorter 
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and therefore of less weight, and the problem of determining the height of an 
aeroplane is that of knowing what weight of air corresponds to a given length 
of air column. The altmeter, as previously stated, measures only the pressure, 
and the difference of pressure must be translated into length of air column. This 
would be easy enough if only the same length of column always corresponded to 
the same difference of pressure, but this is not the case. 

What is actually done is to assume certain definite conditions, but these 
conditions are not always found, and when they are not found a correction is 


required. 

‘This was of some importance in days when an acute competition to attain 
the maximum height was in progress. As Captain Tizard pointed out (AiRo- 
NAUTICAL JouRNAL, April-June, 1917, p. 109), the real test is to reach the lowest 
density and the same density is not always found at the same height. But the 
public understand what is meant by height, but not what is meant by density, 
and therefore the competition to hold the record for height is likely to continue. 


For convenience of reference the formula connecting the pressure and the 
height and the simple principles on which it rests are set out below. 


The pressure, temperature, and volume of a definite quantity of the atmos- 
phere are connected by the equation PV/T equals a constant, where P is the 
pressure, V the volume, and T the temperature on thé absolute scale. This is 
an experimental fact and is commonly known as the gas equation. If we prefer 
to measure temperature on the Centigrade or Fahrenheit scale for T we must 
write 273+t, where t is the temperature Centigrade, or 455+t, where ¢ is 
measured in degrees F. The gas equation is of such constant use in theoretical 
meteorology and in physics and it is so much more convenient to have a single 
term T to deal with than a compound term like 273+t, that it is becoming usual 
te measure and record temperatures in the absolute scale. 


The density of a body is its mass divided by its volume. Sirce in the gas 
equation we are considering the changes of pressure, etc., of a definite amount 
or mass of air, if we introduce the density (D) instead of the volume, since 
D=M/V, the equation takes the form 

P/DT =a constant. 


That is the density of a gas varies directly as the pressure and inversely as 
the absolute temperature. At the surface variations of pressure to the extent 
of 4% below and 2% above its mean may easily occur; and variations of tempera- 
ture over the range 20° to 80° F., giving 6% on either side, may equally well 
occur. It so happens that very high temperatures and low heights of the baro- 
meter do not occur simultaneously, but variations of density to the extent of 8% 
from the mean on either side are not impossible. The variations of density at 
heights above 5,000 ft. are very much smaller; this is because it is the general 
rule that from that height upward to 30,000 ft. high pressures and high tempera- 
tures occur together and conversely, so that the two causes of variation act in 
opposite ways and partly cancel each other out. 

Since in an aeroplane the pressure can be got with fair accuracy from an 
aneroid and the temperature from a thermometer the density can be determined. 
A knowledge of the density is necessary before the proper correction can be applied 
to the speed indicator, the indications of which depend directly on the density. 


To obtain the true height is much more difficult and requires a knowledge of 
the temperature not only at the point, but at each step of height upward from the 
ground. The formula connecting pressure and height is obtained thus. If we 
consider a height h above sea level the difference in pressure between sea level 
and the height h is the weight of the intervening column of air. This weight is 
proportional to the density—that is, as shown above, it is proportional to the pres- 
sure and inversely proportional to the absolute temperature. But neither the 
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pressure nor the temperature is the same at the top and bottom and we must 
therefore calculate the height by steps, taking so small that we may without 
appreciable error use the mean values of P and T over the column. If we assume 
T constant we can take account of the variation of P and obtain an exact formula 
thus :-— 

Consider a column of air of cross section A at the bottom of which the 
pressure is P. Then ascend a very small height 6h to a point where the pressure 
is P—8P. The whole pressure on the bottom is AP and the whole pressure 
on the section at the height 8h is 1(P—86P). The difference AédP is the 
weight of air in the length 6h of the column. The weight equals the mass x 
acceleration due to gravity, and the mass is the volume x the density. The volume 
is Axéh, hence — AdP =gDAdh. The density equals kP/T where k is some 
constant. 


Hence 
— 6P=gk — bh 
T 6P 
or —— — 
gk P 
Integrating 
T 
h= — — log, P+a constant. 
gk 


Let h be measured from sea level at which the pressure is P,, then to deter- 
mine the constant we have h=o when P=P.,,. 


T T 
“h= — (log, P, — log, P) = — log, — (T). 
gk gk 

We can change to common logarithms by dividing by 2.3026, hence, 
h=pT log P,/P when p» is a constant dependent on the units in which h is 
measured. In feet h=221.13 T log P,/P, and it will be seen that as the ratio of 
the pressures only is involved the unit in which they are expressed is immaterial. 
As an example, suppose there is a uniform temperature of 50° F. which is equiva- 
lent to 283° A, and that the barometer stands at 30.00 in., to find the height at 
‘which we have the barometer at 27.00 in. we have h= 221.13 x 283 x log. 1.11111 
= 2,863 ft. 

When integrating to obtain equation (1) it was assumed that T was constant, 
but in actual practice the temperature is arbitrary and bears no fixed relationship 
to the pressure. For the actual conditions therefore (1) is not rigorously exact, 
but the error will be inappreciable, not more than one foot in a thousand, if the 
mean temperature of the column be used and if h does not exceed 10,000 ft. For 
heights of the order of 30,000 ft. the error, even if the correct mean temperature 
be used, may reach nearly 1 per cent. Hence, for great heights the only way is 
tc proceed by steps, determine the pressure at say 10,000 ft. and then use that 
for the starting point for the next 10,000, and so on. 


In the “‘Computor’s Handbook,’’ published by the Meteorological Office, 
tables are given showing the factor for all temperatures between 200 and 300 A 
by which the pressure at any height must be multiplied in order to obtain the 
pressure at the point one kilometer higher. The effect of the humidity and the 
variation of gravity is also shown. ; 


In equation (1), if h is put equal to 1,000 ft. the ratio P/P, for any assigned 
value of T is readily obtained. The values for a few temperatures are shown 
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below, and by multiplying the pressure at any height by the given factor the 
pressure 1,000 ft. higher is obtained. 


Temperature 200 210 220 230 240 250 260 270 280 290 300 


Factor to 
give pres- 
sure 1,000 
ft. higher .9505 .9529 -9551 .9571 .9589 .9605 .9620 .9635 .9648 .9651 .9672 

Captain Tizard has given (April-June, 1917, page 110) a table of average 
densities at each 1,000 ft. up to 20,000. 

From what has been said above about the variations of temperature and the 
manner in which the pressure at any precise height is dependent on the pressure 
at the ground and on the temperature between the ground and the height con- 
sidered, it will be seen that when no temperature observations away from the 
ground are available, to determine the precise value of the density is impossible. 
But we can advance a stage beyond being content with the average value. We 
might prepare tables giving the average for each month, but this would not be 
satisfactory since it would ignore the conditions of pressure and temperature 
prevailing at the time, conditions which are important and easily measured. 

The lapse rate, apart from its daily variation at inland stations in the first 
kilometer, is the least uncertain of the different variable elements which define the 
atmospheric conditions, and on this basis I have prepared a table of corrections 
in terms of the pressure and temperature at the surface to be applied to Captain 
Tizard’s values of the average density. 

It is too long to go into details, but from some 200 observations made in the 
southern part of England tables have been prepared showing the fall of tempera- 
ture between the ground and various heights in terms of the height of the baro- 
meter ; from these tables by the ordinary statistical method of calculation the most 
probable value of the pressure and temperature at any point up to 30,000 ft. has 
been found and from thence the density. 


TABLE II. 


Percentage additions to be made to the density at different heights to allow 
for variations from the mean of the surface pressure and the surface temperature. 


Pressure Temperature 
difference difference 
in inches in degrees F. 
Height. at surface. at surface. 
Surface .033 -— .0020 
2,000 ft. +.026 — .o0018 
4,000 ,, +.020 — .0017 
6,000 ,, + .016 — .0016 
8,000 ,, +.013 — .0015 
10,000 ,, +.012 — .0013 
12,000 ,, +.O11 — .0012 
14,000 ,, +.O11 — .OOI! 
16,000 ,, +.012 — .0009 
18,000 ,, + .013 — .0008 
20,000 ,, +.015 — .0006 
22,000 ,, +.017 — .0005 
24,000 ,, + .020 — .0003 
26,000 ,, + .025 — .0002 
28,000 ,, + .033 — .0000 
30,000 ,, + .044 + .0002 
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The values are given in percentages so that they may be applicable to any 
units in which the density is expressed. The mean sea level pressure in the 
South-East of England is a little over 760 m.m., or a little under 30.00 inches of 
mercury. The mean temperature is 50° F., 10° C., or 283° A. Thus, if we 
require the most probable density at 10,oooft. when the barometer is 29.50 and 
the surface temperature at 32° F., proceed thus: 29.50 is .50in. below the pres- 
sure mean, the correction is therefore —.o12x.50= —.o06. The temperature 
is 10° below, and the correction is +.013. The whole correction is +.007 and 
we must multiply the average density by 1.007. 

For heights of and above 4,o0o0ft. this table is probably the best that can be 
done under the present state of our knowledge, and it should in most cases give 
the density within one per cent., but the following remarks are necessary. 


Over the open sea or at a coast station, with a fairly strong wind off the sea, 
the surface temperature at the start is to be used. At an inland station or a 
coast station with an off-shore wind, the mean temperature for the day is to be 
used in preference to the surface temperature at the time, because the latter is 
purely local and depends so largely on the time of day. 

The correlation coefficients between the lapse rate and the height of the 
barometer on which Table II. is based range as a rule from .30 to .50, they are 
not large enough to make the estimate very reliable, but they are sufficiently large 
to make it worth while to take the surface pressure into account. There are so 
many variable quantities involved that the question is very complicated, and it is 
perhaps of more importance for long range artillery fire than for aeronautics. 


The Humidity. 


The humidity is an important matter for aviation inasmuch as fog, clouds, 
rain and snow depend upon it. But the value of the humidity is only of use for 
the forecasting of fog, and this matter has been so fully dealt with in a lecture 
given here on February 28th, 1917, by Major Taylor, that I have nothing further 
to say about it. Instead, therefore, of wasting time on the subject I will refer 
to his remarks, published in Vol. XXI., p. 75, and also to a paper by Capt. Cave, 
published in the same volume, p. 301, in which the dangers due to rain and snow 
are mentioned. 


The Wind. 


It will be well to separate the effect of the wind upon an aeroplane into two 
separate parts and then to discuss the present possibilities of foretelling what 
wind is likely to be found at any given height. The wind is decidedly the most 
important element with which an airman has to deal. 


The first point to be considered is the gustiness, but this is a matter on which 
the meteorologist cannot give much information, he looks rather to receive informa- 
tion from those engaged in the practical business of flying. He knows, indeed, 
that winds at the surface of the earth possess very different characters in this 
respect, but he does not know to what extent the local situation is responsible for 
variation in the steadiness of the wind. On the coast winds off the sea are much 
steadier than winds off the shore, as well as being stronger. So much is this 
the case that the anemograms from a coast station are as a rule distinguishable 
at a glance from anemograms from an inland station like Kew, but the better the 
exposure of the anemometer at an inland station the steadier is the wind recorded. 
A better exposure means in general a greater height above the ground and 
steadier winds are met with as the altitude is increased. The steadier winds 
from the sea and at greater heights is due to the absence of obstacles like trees, 
houses, hills, etc., which break up the steady flow of air and cause eddies, and 
these eddies will travel a long way down the wind, as is proved by the following 
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curious fact observed at Southport. At Southport the anemometers are erected 
about one mile from the town, at Marchside, on the bank of the Ribble, and the 
exposure is an excellent one as the country is flat for miles round. The station 
is in charge of Mr. Baxendell, and he noticed that the trace showing the direction 
of the wind always changed its character as the wind shifted through a certain 
definite point of the compass, being steady on one side, but unsteady on the other. 
The cause of this was sought for in vain for some time, but at last it was noticed 
that the critical direction coincided with the bearing of the last house on the parade 
on the Southport front, which house was at least a mile distant. This shows 
the long distance to which the effect of an obstacle may extend. 


‘ 


It is difficult to define the term ‘‘ gustiness,’’ because it is only a question 
of how long a gust lasts whether it should be called a gust or a squall. The 
numerical measure of the gustiness of the wind is obtained from a self-recording 
anemometer by taking the difference between the maximum and minimum velocity 
for a given time and dividing the difference by the mean velocity for the same 
time. In the absence of marked squalls and for a wind neither increasing nor 
falling this is a perfectly good measure, but obviously should a squall occur in 
the chosen interval the ratio may reach quite a high value. With one hour as the 
interval and using the pressure tube anemometer as the standard for measuring 
the velocity of the gusts and lulls, a ratio of } denotes a very steady and a ratio 
of 3/2 a very gusty wind. 


The Drift Caused by the Wind. 


Much misconception appears to exist as to the effect of a steady wind upon 
the steering and course of an aeroplane, and since the matter is quite simple it 
may be well to set it out, starting from first principles. 


In what follows by a steady wind is meant a wind in which each particle of 
air is travelling with the same uniform velocity and in the same direction as every 
other particle, and in so far as the drift and course to be set are concerned, a gusty 
wind has exactly the same effect as a steady wind of the same mean velocity. 
Now as soon as an aeroplane has left the ground, save in the important matter 
of drift, it is quite immaterial to it in what direction and with what velocity the 
wind is blowing. The aeroplane shares the velocity of the wind, but in all other 
respects it is quite unaffected by it. The case is exactly the same as that of a 
man walking about on the deck of a steamer on a calm sea, he walks about in 
exactly the same way whether the steamer is anchored or is moving, and if he be 
in the saloon, out of sight of fixed objects of reference, he cannot tell in the 
slightest degree in which direction he is moving, neither, save by inference from 
the noise of the engines, can he tell the speed. The steamer itself is possibly 
being carried ‘by a tidal current as well as by its own motive power, and the 
navigating officer, so far as his own observation goes, is in the same position 
with regard to the effect of the tide. But there is this very important distinction 
between the navigating officer of a vessel and the pilot of an aeroplane when 
ooth are out of sight of objects of reference. The officer knows beforehand very 
closely what current he may expect to find at the precise time and place in which 
he is, but this knowledge is very imperfect for the pilot; moreover a tidal current, 
or a drift of the vessel through wind. is in general quite small in comparison with 
the motion of the vessel through the water, whereas the wind which is carrying 
an aeroplane may have the same or even a greater speed than that of the aeroplane 
itself. It is this latter fact which makes the wind, even when steady, such an 
important element in practical aviation. 


The rule by which the position is found of an aeroplane having a known 
velocity through the air—the velocity indicated after correction for density by the 
speedometer—and subject to a wind of known velocity and direction, is quite 
simple and is best shown by a diagram. 
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Suppose the aeroplane to start from A and to be kept by the rudder and 
compass apparently heading in the direction AB. Let AB be the distance travelled 
through the air in a given time, say one hour. Then if it were a dead calm, after 
one hour the aeroplane would be at B. Suppose a pilot balloon sent up from A 
with its lift adjusted to float at the same height as the aeroplane, and suppose 
that one hour later it has moved to C. Complete the parallelogram ABDC so 
that D is the corner opposite A, and then D will be the position of the aeroplane 
after one hour. 

The practical problem is, starting from a point A with the intention of flying 
to a point F to know what course to follow. It is necessary for the purpose to 
know the speed of the machine and the speed and direction of the wind. The 
geometrical solution is as follows :— 

From a map set out the direction AF and draw AC from A in the direction 
of the wind and of such a length that AC represents the velocity of the wind in 
any convenient scale. With centre C and a radius representing in the same scale 
the speed of the machine, describe a circle cutting AF in D. Then CD or a 
parallel line AB gives the course to be followed, and AF + AD will give the 
number of time units that the flight will take. 


3 D 


A A 


In general the circle will cut AF in two points, the one nearest F should be 
taken, also it may not cut it at all, in which case the wind is too strong to render 
the proposed flight possible. Since AC may make any angle with AF, in the 
majority of cases AD will be less than CD, and therefore on the whole the wind 
increases the time of flight, and if the return journey is to be made under the 
same conditions of wind the whole time is inevitably increased. 

Of course, in most instances ‘the course from one place to another is followed 
by a series of landmarks, but cases arise when it is not possible to see the land- 
marks and therefore it is of importance to know the strength and direction of the 
wind. This is a purely meteorological problem, and if it can be solved and if 
also the difficulty about steering by compass can be overcome, two ifs in both 
of which there is much virtue, then it will be possible to take an aeroplane from 
one place to another with the same certainty as there is in taking a vessel from 
one port to another by dead reckoning alone. 


Estimate of the Wind. 
There is no difficulty in determining the velocity and direction of the wind 
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at the surface, but it is a knowledge of the wind at greater heights that the pilot 
of an aeroplane requires. The greater the height the more uncertain must any 
estimate become, and even at a few thousand feet the wind in most cases will 
differ considerably from the surface wind. ‘The question therefore is, to what 
extent can we infer the conditions that prevail at, say, 3,000, 6,000 and 9,oo00ft. 
from surface conditions that we can ascertain. 


The means of observing the upper winds are observations of clouds, kites, 
and pilot balloons, but in all these cases, save partly with kites, the observation 
is confined to the space below the lowest sheet of clouds and above that sheet we 
have no power of observation. It is, however, just when the ground is hidden by 
a low cloud sheet that the knowledge is most required. Fortunately there is no 
reason to suppose that the connection between the surface and the upper wind is 
different when it is cloudy and when it is clear ; in my own experience of kite flying 
I did not find any break in continuity at the surface of a cloud layer rather than at 
any other level. 

If a person stands facing the wind and there are low clouds in sight he will 
generally find that the clouds are coming somewhat from his right, and he will 
also infer, and rightly so, that the wind is stronger at the cloud level than at the 
surface. How much stronger will depend upon the exposure of the station, but 
a- a rough rule it may be said that over an inland station at 2,000 feet the wind 
will have doubled in velocity and will have veered two points. At a coast station 
a sea wind will have increased perhaps 50 instead of 100 per cent. At greater 
heights the wind will probably continue to veer and increase in strength, but 
nothing like to the same extent, and perhaps the best way of giving the average 
result is to say that with increasing altitude the westerly component will increase 
ir strength. This is equivalent to a considerable veering at heights above 5,000 
feet in south and south-east winds and to a small backing very often in north 
and north-west winds. All that one can infer from the surface wind is that at an 
elevation of a few thousand feet the wind will be roughly doubled in velocity and 
will have veered a few points. 


For many years past, years before the war, the Meteorological Office have 
had inquiries addressed to them from artillery officers and others as to the strength 
and direction of the upper wind, and their experience has led them to the belief 
that the most reliable estimate can be made from the distribution of the surface 
barometric pressure. There is not time or space to go fully into this matter and 
a brief statement must suffice. 


If a person stands in the northern hemisphere with his back to the wind he 
will have the lowest barometer on his left hand, if the wind is strong then the 
fall of the barometer from right to left will be rapid, if light the change in baro- 
metric height will be small. This is Buys’ Ballot law. 


At first sight it would appear as though the wind would blow from places of 
high to places of low barometer, but a little consideration shows that such condi- 
tions could only be very short lived. For if air flowed into a low pressure area 
to any appreciable extent it would only take a time to be measured in minutes 
for the low pressure area to be filled up by the incoming air and to be replaced 
by a high pressure area. Observational facts make it perfectly clear that on the 
average at the height of a few thousand feet the wind blows along the line of 
places where the pressure is equal, along the lines which on a weather chart are 
called isobars, lines that is of equal pressure. Also the velocity is proportional 
to the barometric gradient, that is to the change in the height of the barometer 
along a line at right angles to the isobar. 


The reason for this lies in the rotation of the earth on its axis, and a com- 
paratively simple mathematical process enables us to calculate the precise velocity 
of the wind that should correspond to a given barometer gradient in any place. 
The wind coinciding in direction with the isobar and with a velocity computed 
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by the formula is called the ‘‘ gradient wind,’’ and if the wind be asked for in the 
strata commonly used by aeroplanes the best answer is to give the gradient wind. 
For straight isobars the formula is y= 2wv sin @ where y is the barometric gradient, 
w the angular rotation of the earth, v the velocity of the wind, and ¢ the latitude 
of the place. 


It has been already stated that it is an observational fact that on the average 
the wind at 3,000 feet does agree with the gradient wind, but it cannot be denied 
that in each individual case the agreement does not appear to be precise. It 
seems likely, in view of recent suggestions, that on certain parts of the weather 
chart the agreement cannot be expected to be precise, but on the other hand, the 
discrepancies which appear are such that they may quite reasonably be put down 
to observational error. Irregularities of pressure occur which are not shown on 
the weather map, because they are too local to be shown by the barometric data 
of stations lying one hundred miles or so apart from each other, and it may well 
be that the gradient wind and the true wind do really agree, but that the former 
cannot be calculated from the chart with sufficient nicety of detail to make the 
precise agreement plain. 


Also our means of observing the actual wind at 3,000 feet, or other heights, 
by means of pilot balloons are not absolutely accurate since in general they 
assume a uniform rate of ascent on the part of the balloon, and this is not 
strictly true. 


However, accepting the statement that at the present time the best means 
of estimating the upper winds is by means of the pressure distribution and that 
we may take the records of pilot balloons as reliable it is of interest to ascertain 
what accuracy may be expected. Thus, if a pilot is in the air one hour and has 
been told that the wind is blowing at the rate of 20 miles an hour from the west, 
whereas in reality it is only, ten, he should find himself ten miles west of his proper 
destination. Equally, if the wind’s direction had been wrongly estimated by 30° 
and it were really 20 miles per hour from 30° north of west (W.30°N.) he would 
find himself 10 miles south and about three west of his landing place. To ascer- 
tain what the usual error would be I have taken the observations on pilot balloon 
ascents, published by the Meteorological Office in the ‘‘ Geophysical Journal ”’ 
for 1915, and compared the actual wind at .5km., r.okm. and 1.5km. (1,640, 
3:281, 4,922 ft.), with the gradient wind deduced from the charts of barometric 
pressure. There are from 200 to 300 ascents available. In accordance with a 
common practice in dealing with statistics they have been divided into two groups, 
January to June and July to December. The results are given in Table III. 


TABLE III. 


Group. .5km. 1.okm. 1.5km. 
Probable error in miles per hour of 
estimated wind... 4.2 5-0 5:5 (127 obsns.) 


II. 5:5 (134 obsns.) 
Probable error in degrees of direction I. 16° 17° 16° 
II. 16° 12° 


Probable error of component perpen- 


dicular to isobar 3-4 4.0 4.0 

Il. 4-4 5-1 4.1 

Combined probable error 5-4 6.4 6.8 
II. 6.5 7.5 6.7 
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Group. .5km. r.okm. 1.5km. 
Mean excess of real wind over gradient 


wind bie 8 3-0 3.6 
at. 2.1 2.0 
Mean excess in degrees of direction of 
real wind over gradient wind. 
(Positive direction N.-E.-S.-W.) I. — 18° 22 —1° 
II. 0° 0° 


The two groups show a good agreement save in one particular and also the 
number of observations is ample. It may be well to explain here the meaning of 
the term probable error. It is that for any one estimate the chances are equal 
whether the error made is greater or less than the probable error. The chances 
are 22 to I against an error exceeding three times the probable error and 142 to I 
against exceeding four times. The discrepancy in the mean angle of the reai 
wind with the isobar, — 18° for the first half year and — 5° for the second, seems 
to be due to an excess of easterly winds in the first half as east and south-east 
winds often have a large incurvature. 


The chief point in the table for our purpose is the magnitude of the combined 
error. Suppose a balloon adjusted to float at 3,oooft. for one hour and that 
we wished to foretell its position at the end of the hour by means of the isobaric 
chart. There are two errors concerned, one in the line of the isobar owing to 
a wrong estimate of the velocity and one at right angles to this owing to a wrong 
estimate of the direction. These are probably independent and therefore the 
combined error is the square root of the sum of the squares. This would not be 
true for cases where the gradient wind is zero or very small, but such cases are 
not numerous enough to seriously alter the result. Thus, taking the supposed 
case of the balloon, and this is strictly analogous to a pilot flying without the 
use of landmarks, if the position be plotted by an isobaric chart and then a circle 
be drawn of seven miles radius with that position as centre, in about half the 
cases the balloon would lie within that circle at the end of the hour and in about 
half without. This does not, of course, include any difficulties about the compass. 


For two hours the error would be doubled, for three hours trebled, and so on, 
but as the length of flight increases other considerations come into play which we 
must consider. For a long flight the estimate of the wind to be allowed for 
cepends upon the weather chart as it will be some hours hence and not as it is 
at the time, thus involving the necessity for forecasting the chart. I do not 
propose to enter into this point beyond saying that it must increase the error. 
Further, any error in the earlier part of the course of the aeroplane would bring 
it into an unanticipated position both in place and time in the latter part, and this 
again increases the probable error. These are both disadvantages. But there 
is another respect in which a long flight may possibly have the advantage. It 
may perhaps be that the discrepancies shown between the gradient wind and the 
wind as deduced from the ascent of a pilot balloon are merely local and temporary 
and that the error when integrated over a long course may very largely cancel 
out. Whether this is the case or not the future will show. My own opinion 
rather is that a probable error of from 5 to 10 miles for each hour in the drift of 
an aeroplane will have to be reckoned with for some time to come, though doubt- 
less the error will decrease with time and experience. 


There is the possibility of a systematic error in some of the values of Table 
III. The results are not published unless the pilot balloon is followed up to a 
height of at least 2.5km. Other things being equal this is more likely to happen 
when the wind is decreasing than when it is increasing above. Since a pilot 
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balloon under 3km. is generally lost sight of behind a cloud rather than by getting 
too far away, the error so caused is perhaps small. 

The table is only carried to 1.5km., for greater heights the probable error of 
the drift increases, but the systematic error mentioned above will become more 
and more effective, and it is very doubtful if anything worthy of the name of an 
estimate can be made from the pressure distribution for heights over 15,000ft. 


Thunderstorms. 


The dangers due to thunderstorms are mentioned by Captain Cave in the 
paper already referred to (Vol. XXI., p. 301), and it is a point on which further 
information is much to be desired. There can be no doubt that in some thunder- 
storms very violent air currents occur, this is apparent from the motion of patches 
of cloud; from theoretical considerations also it is probable that strong ascending 
currents of air are to be found in some part of every storm, but in many storms 
no clouds that can be seen show any violent motion. There is also the danger 
that the aeroplane may form part of the path of a lightning flash. Most likely 
the great majority of flashes follow a more or less horizontal path from cloud to 
cloud and it seems inevitable that an aeroplane near the prospective path should 
carry part of the discharge. Still the risk cannot be nearly so great as in the 
case of a kite or captive balloon connected to the ground by a metal wire. 


The ordinary thunderstorm, apart from the line squall variety, does not cover 
a great extent of country, neither as a rule does it travel very fast, and there is 
little doubt that an aeroplane could avoid it. But it would probably be dangerous 
to try to pass over it. The difficulty seems to me to be to recognise a thunder- 
storm as such. 


Of all meteorological phenomena thunder is perhaps the easiest to foretell 
without the use of instruments, for as many of us have noticed thunder clouds 
have a very distinctive appearance that a good observer may learn to recognise. 
A really fine thunder cloud with its sharp edges and strongly defined contrasts of 
colour is unmistakable, but such a cloud passes by many graduations into the soft 
harmless summer cumulus and no precise line can be drawn as to where the one 
ends and the other begins. Mere blackness in a bank of clouds does not denote 
thunder, sharpness of edge is the characteristic sign. Blackness is sometimes 
merely the effect of contrast and may appear in a sheet of fine weather stratus 
cloud when the sun is low down on the opposite side of the sky. If the upper 
edges of a bank of clouds ‘are soft and fleecy it is almost certain that while that 
condition holds no thunder will occur. I exclude from my meaning of ‘“‘ soft 
and fleecy ’’ the false cirrus that so often grows from the top of a cumulus, and 
which has an unmistakable appearance of its own. On the other hand, if the 
upper part has well defined sharp edges it is, in the summer at least, not im- 
probable that thunder will follow. But while I think it possible to separate most 
days into two classes, those in which thunder is likely and those in which it is 
very improbable, I do not think it is possible to define from its appearance any 
cloud or bank of clouds as one in which thunder will or will not occur within the 
next half hour. 


It is superfluous for me to repeat Captain Cave’s remarks about the line 
squall. 


(Kor Discussion, see page 33.) 
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FIRST MEETING, 53rd SESSION. 
(See page 3.) 


The opening meeting of the Fifty-Third Session was held in the Theatre of 
the Institution of Civil Engineers, on Wednesday, November 14th, 1917. In the 
absence of Major-General W. S. Brancker, who had been invited to preside, the 
chair was taken by Lieutenant-Colonel O’Gorman, C.B. There was a large atten- 
dance. Captain F. M. Green, A.M.I.C.E., read a paper on ‘‘ The Technical 
History of the Aeroplane.’’ The paper was followed by a discussion. 


Mr. F. HanDLEY Pace, F.Aé.S., said that it was somewhat difficult to discuss 
technical aeronautics owing to the limitations of the censorship. He did not agree 
with the lecturer that the Wrights were the first people to use cambered planes, 
as Lilienthal had used cambered planes. The Wrights adopted cambered planes 
because they worked on Lilienthal’s results. Passing to the subject of the big 
aeroplanes of to-day, Mr. Page explained that one cannot expect enormously high 
speeds from weight-carrying machines, and compared the weight carrier with the 
motor lorry, the small fighting machine being analogous with a racing car. He 
was glad to see that Captain Green had been converted since the last discussion 
on this subject to understanding that structural weights in big aeroplanes did not 
necessarily go up in the proportion which had hitherto been believed. 


Mr. Ormsby advocated a higher aspect-ratio in planes, which he suggested 
should be obtained by arranging the planes like a venetian blind. He had seen 
models which gave a lift to drag ratio as high as 27 to one. 


Squadron Commander THE MASTER OF SEMPILL, R.N., referred to the use of 
reversible blades of airscrews as an extension of the variable pitch idea, and sug- 
gested that reversible blades would probably make a very good air brake. On 
the subject of head resistance he expressed the opinion that there is a good deal of 
unnecessary head resistance in under-carriages, and that it is due to the collection 
of material caused by the type of shock-absorber commonly used. The German 
Gotha machines have a very neat shock-absorbing device, in which a cable from 
the wheel-axle runs over a pulley and up inside the under-carriage struts to a 
spring fixed inside the fuselage. 


Mr. BertTRaM Cooper recalled that the first cambered plane on record was 
made by Sir George Cayley ia 1809, and that Sir George Cayley also made a glider 
which operated successfully with cambered planes, so Great Britain might claim 
to have originated cambered planes. 


Mr. Henry Kwox said that he quite realised how the hand of the censor 
prevented the lecturer from dealing intimately with modern technical aeroplane 
history. He was interested to see how Captain Green had, as an alternative, 
taken unto himself the mantle of Mr. H. G. Wells. He (Mr. Knox) desired to 
point out how much Great Britain had done to make the history of the aeroplane. 
He recalled the fact that when Mr. Sopwith took his first ‘‘ Tabloid ’’ to Paris 
and told M. Bleériot about its extraordinary range of speed, M. Blériot received him 
most politely, but with a distinct air of being so sorry that such a nice young man 
should believe such fantastic figures about his own machine. Just as Mr. Sopwith 
had made history with the small machine, Mr. Handley Page had made history 
with big aeroplanes. In the same way Commander John Porte, R.N., had made 
history with the big flying boats of his design. 


Further, Mr. Knox said that we might very possibly find that big machines 
are more economical than smaller machines, just as the ‘‘ Mauretania ’’ and certain 
big naval vessels are certainly more economical at high speeds than small ones. 
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He also suggested that it was possible to design an aeroplane that would fly at 
its best speed at a considerable height. 


Mr. BorLAsE MATHEWS remarked that the weight of an aeroplane was not 
merely increased by the weight of the engine but by the weight of the bigger 
engine girders necessary to take big engines. He also remarked on the difficulty 
of closing in under-carriage gear, and he suggested that the Gotha shock-absorber 
device was due to lack of rubber more than to other reasons. 


Dr. WALMSLEY pointed out that the discussion was labouring under the dis- 
advantage that the speakers were not at liberty to reveal all that they knew, as 
would be the case in times of peace. He suggested that it was somewhat impor- 
tant that this should be emphasised and appear in the record, as readers, especially 
those accustomed to pre-war discussions before scientific societies but unacquainted 
with the effect of the war on the present position, might form wrong impressions 
on important points. This would be more particularly the case in regard to recent 
researches and developments now practically completed, but the results of which 
cannot be published yet, and the announcement of which may have to be deferred 
for a long period of time to prevent valuable information being supplied to the 
enemy. Dr. Walmsley ventured to hope that the time when members would be 
able to speak freely and without the restrictions of the censor being continually 
in their minds would not be as far distant as at present seems probable. 


Captain Krnnepy, referring to a machine which he had seen Mr. George W. 
Beatty fly at Hendon some years ago, wanted to know who was the first person 
to use two or more propellers. 


The CyatrMan (Colonel O’Gorman) said that after all a surprisingly small 
amount of actual invention had been needed to produce modern aeroplanes. He 
said that in the development of the aeroplane, actual invention had very seldom 
been needed at all, but that each step came as a natural process of development 
through experiment from known facts. 


He quoted the saying of Swinburne that any fool could make an invention, 
but it needed a very clever man to work it out, and a genius to sell it. 


One of the dangers to face in the future was panic. It was quite possible 
that ‘‘ safety devices ’’ might be enforced which were in themselves an added 
danger. The great hope for the future was that development must not be limited 
by repressive legislation. He had heard Captain Green’s lecture with great 
interest and appreciation. Captain Green was an old friend and colleague of his 
own, and much as he regretted the unavoidable absence of General Brancker, he 
was glad to have had the opportunity of presiding. 


Captain GREEN said Mr. Knox stated that he thought it was possible to design 
an aeroplane which would fly faster as it went higher. The lecturer did not think 
that this had yet been done, although he admitted that it was a possibility. If 
so much surface were provided that when near the ground the planes were at 
such a small angle of incidence that the lift-drag ratio was very bad, then it was 
possible that the aeroplane might fly faster as it got higher. Such an aeroplane, 
however, was unlikely to be very practicable, owing to the very large amount of 
surface and consequently the heavy weight of the planes. 


It should be noted that this statement only applies to aeroplanes with normal 
engines. A fuller discussion of this point is contained in the appendix to the 


paper. 


With regard to Captain Kennedy’s question, the aeroplane of the Wright 
Brothers had two airscrews, and as it was the first aeroplane to fly at all it was 
obviously the first aeroplane to fly with two screws, 
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The subject of the aero engine was not strictly in the scope of the lecture. In 
reply, however, to the question of Mr. Mathews, the compression ratio of present 
day engines was generally about 5 to 1. 


Replying to Squadron Commander The Master of Sempill, the lecturer agreed 
that the use of reversible blades for airscrews was an advantage and that it would 
make an excellent brake for landing. He pointed out, however, that the brake when 
inost needed was when the engine failed and in this case the reversing of the 
blades would be of no value. With regard to the resistance of the under-carriage 
the lecturer did not believe that the rubbers themselves were a very large propor- 
tion of the resistance and that it was quite possible to fair off the rubbers satis- 
factorily. The chief resistance came from the effect of interference of the wheels 
with the landing gear struts. 


In reply to Mr. B. Cooper, the lecturer said that he did not mean to imply 
that the Wright Brothers were the originators of the cambered plane. He merely 
said they had been successful with the cambered plane, whereas some of the earlier 
experimenters had failed to fly, using flat planes. 


In reply to Mr. Ormsby, the lecturer stated that he was aware that the 
> venetian blind type of plane had been frequently suggested, but that as far as he 
knew the tests had shown that the overall effectiveness of this arrangement of 
plane was not as good as with a biplane of the ordinary dimensions. There was 
probably a large amount of interference between the planes and if they were put 
he far enough apart to avoid this interference, then the whole structure was likely to 
become unduly heavy and clumsy. 


Replying to Mr. Handley Page, the lecturer did not agree that Mr. Page was 
correct in saving that he had been converted to the large aeroplanes since Mr. 
Page’s lecture. The lecturer had glways believed in the large aeroplane, but he 
still held the view that he had stated at Mr. Page’s lecture, i.e., that the weight 
of plane structure per square foot would increase with the size of aeroplane. 
Luckily up to the present the rate of increase had not been sufficiently large to 
affect seriously the size of aeroplanes now being made; also, as it was pointed out 
in the lecture, it was permissible to make big aeroplanes to. a lower factor of 
safety, and this again had helped to keep the planes reasonably light. 


Major HECKSTALL-SMITH proposed a vote of thanks to Captain Green for his 
valuable lecture. 
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THIRD MEETING, 53rd SESSION. 
(See page 17.) 


The third meeting of this session was held at the Society of Arts on Wednes- 
day, December 5th, 1917, at 8.0. In the unavoidable absence of Sir Napier Shaw 
Major Lyons, F.R.S., Fellow, occupied the chair. 


Mr. W. H. Dines, F.R.S., Hon. Fellow, read a paper on ‘‘ Meteorology in 
Relation to Aeronautics.”’ 


The CHAIRMAN, in opening the discussion, said some five or six years ago « 
discussion on the conditions of the upper atmosphere would not have seemed a 
matter of immediate importance to many people, although so far as Mr. Dines 
had dealt with the weather it would always have attracted attention. Things 
had changed with the increase of flying, and it was an encouraging thing that 
the physics of the upper air was becoming a matter of such well-recognised 
importance, and so far as this country was concerned it was largely if not mainly 
due to Mr. Dines’ work. The interesting diagram he showed comparing the 
value and the range of the pressure and density and temperature at various heights 
was essentially an integration of his work of past vears. 


It was fifteen vears since he (the Chairman) moved the Egyptian observatory 
down to a desert station, and it seemed to him that the upper air work was a 
thing they ought to do there. Major Keeling, who was now engaged with him 
in France, went to Mr. Dines, who assisted him to acquire the necessary facility 
in using kites and balloons, with which they did a considerable amount of work 
that had recently proved of practical utility. It was to Mr. Dines and those 
inspired by him that the knowledge in this country of the upper air conditions 
was largely due, and not only the conditions but the instruments that Mr. Dines 
had made. 


No doubt when the practical aviator had more time to familiarise himself 
with the complicated conditions under which he had to work he would study 
meteorology and gain by it. Even the summary given by Mr. Dines that evening 
would be of the greatest value to aviators in forming a general idea of the condi- 
tions which prevailed in the upper atmosphere. Those in charge of meteorological 
stations at the front were constantly receiving inquiries on various points bearing 
on the conditions of the upper atmosphere, all of which arose directly from the 
effects Mr. Dines had laid before them that evening. 


Major W. T. Taytor, R.F.C., said he did not know of any reports of people 
having flown under thunderstorms, but he had a reliable report from a pilot who 
had flown over the top of a big thunderstorm which stretched from Norwich nearly 
to Hertford. He flew close down to the top of the storm, and observed a great 
deal of electrical discharge from his machine. It took the form of sparks, two 
or three feet long, standing out prominently. No serious consequences ensued 
for the machine or pilot. A condition which seemed to be essential for the predic- 
tion of thunderstorms was that the air should not be in a very stable state—the 
rate of fall in temperature must be fairly great, otherwise thunderstorms would 
not occur. 


Mr. Dines had shown the probable difference between the gradient of the wind 
and the run of a pilot balloon in the hour if the wind velocity remained constant 
during that hour. He (Major Taylor) was concerned some time ago with a some- 
what similar problem. He wanted to find out how people did in fact fly by 
compass. He found that after sending up pilot balloons and making a correction 
for the wind a machine that flew over a 30 mile course was on an average from 
6 to 10 miles out at the end of the course. The results were much, better than 


4 
| | 
| 
| 
| | 
| 
| 
| 
| 
| 
| 


34 THE AERONAUTICAL JOURNAL (January, 1918 


was anticipated from taking the pilot balloon observations, which he thought was 
due to the fact mentioned by Mr. Dines that the pilot balloon results simply showed 
the wind at any particular time, whereas if the wind velocity were found in some 
other way, say by flying an aeroplane a couple of miles and finding out how much 
it slipped and finding out the angle that had to be flown over a certain course, a 
better idea of the average velocity of the wind was obtained. He agreed that 
if the gradient wind could be taken for flying by compass the result would be 
better than that obtained by pilot balloon observations. A good pilot flying by 
compass by day under conditions which precluded his seeing the ground could 
get considerably less error than seven miles, and at night the result was better 
still, as the wind apparently was steadier at night. 

Mr. W. Denny Marsnatu said notes he had written, and which would appear 
in the AéRoNAUTICAL JouRNAL, would be entirely eclipsed by Mr. Dines’ paper. 
The lines on the chart he had made ran almost through the middle of those on the 
chart shown by Mr. Dines. He thought the reason for the low temperature over 
the Tropics was that the great heat caused the air to rise so rapidly that it rose 
above the level it would otherwise stop at, and expanded more than it did in places 
where it only rose gently. 

Professor J. E. Peraver, F.R.S., said he gathered that the author was of 
opinion that the gradient wind as established from the charts was as good or a 
better guide for an aeroplane to reach a definite point than the instantaneous 
observations such as were arrived at from a balloon for artillery purposes. He 
worked many years ago with the instruments provided by Mr. Dines, and they 
helped him in finding temperatures, pressure, wind velocities, etc., at heights that 
were reached from day to day. 

Mr. A. S. A. Ormspy said a designer could not have the data for turning out 
a perfect machine until he knew something about the conditions the machine was 
likely to meet in the air. This matter had been overlooked to a great extent by 
designers. The remarks the author had put before them would be of great value, 
and he hoped would introduce a new method of investigation in that direction. 
It was not too much to hope that in a little while aviators would have mapped out 
for them the prevalent conditions at dangerous portions of various countries, and 
it would be a great convenience. 


He would like information as to the effect of wind upon sound transmission— 
as to how the sound wave was bent out of its course. Could Mr. Dines say what 
took place when the sound was bent out of its course? Sometimes it was bent 
upwards when signalling was being done against the wind, so that the sound was 
lost, and reappeared later at a much greater distance, having been bent down- 
wards again. He meant the sound used to determine the velocity of the wind. 


Lieutenant-Colonel R. DE VILAMIL said the author’s statement that there was 
no difficulty in determining the velocity and direction of the wind was a little 
tautological. What he meant was the speed and direction which combined gave 
the velocity. It was not true that the pressure varied as the square of the velocity. 
This was recognised in one branch of the N.P.L. That Newton was also well 
aware of it was proved by his statement that the resistance of incompressible 
fluids was known, and that an addition must be made in the case of compressible 
fluids such as air. Mr. Bairstow had given a formula which was empirical and 
not homogeneous. The resistance should be multiplied by the speed, which com- 
plied with the law of dynamical similarity. Speed was nothing but a number and 
had no dimensions. 


Dr. R. MULLINEUX WALMSLEY said the paper showed the vast amount of 
work that had been done on the subject, and the discussion impressed one with 
the idea that a vast amount of further work had been done which would be heard 
of in the good time coming after the declaration of peace. He would look forward 
to that time, and hoped people might then be able to tell them more than they 
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knew at present about meteorology. The paper made one feel that before the 
advent of aeronautics they had been living in a flat land of only two dimensions. 
One recognised what a great debt was owed to those who went down to the sea 
in ships and who had assisted science by their investigations both on and below 
the surface of the water, and similar assistance would be available in the future 
with regard to investigations above the surface of the earth. Already they spoke 
of vertical distances of 20,000 feet. He felt sure that a rich treat was in store 
for them when the time came that aviators would be set free from the work on 
which they were now occupied, and when they could be asked to investigate 
systematically problems of the upper atmosphere. What they were allowed to- 
say in the present strenuous conditions was only a tithe of what might be expected 
later. There had been development during the period of the war. He remem- 
bered a time when little spirals of smoke had to be lighted to know whether it was 
safe to send up aeroplanes, but now pilots went up and skimmed the tops of 
thunderstorms. After the war, instead of looking out for the Hun and his 
machines, they would be looking out for what Nature could tell them, and a real 
crop of scientific ideas would result. 


Mr. W. H. Drygs, replying to the discussion, said he agreed that theoretically 
the air in thunderstorms must be unstable, but he was once caught with a kite 
at a considerable height during a thunderstorm, and having got it back safely 
by good luck, he found the rate of fall in temperature was somewhat less rather 
than greater than in calm weather. He did not attempt to explain this. 


He was glad to learn from Major Taylor that the errors over a long course 
would to a considerable extent cancel out. That might indicate that there was 
some information available but which must not be published. Probably the 
explanation given by Mr. Dendy Marshall as to the low temperature over the 
equatorial regions was the correct one. The whole matter of temperatures in the 
atmosphere followed very closely the distribution of pressure at a height of 9 km. 
If the temperature were low at that height the temperature above it was also low. 
The pressure at that height over the equator was very low, because it was so 
warm that it only took off a comparatively small part. Professor Petavel also 
referred to measuring the wind by pilot balloons. It was likely that a good deal 
would cancel out. If a barometer were used at two places and a balloon were 
flown from one to the other, probably it would pass more closely over the second 
than his table said. His seven miles probable error was the result of statistically 
treating certain observations, and there might be systematic errors. In referring 
to the velocity of the wind he was not referring to the resistance of the aeroplane. 
A good idea could be got from their anemometers what the wind pressure was. 


The CHAIRMAN, in moving a vote of thanks to Mr. Dines, said it was only 
fair that meteorologists should look to aviators when they had more time for the 
details of upper air currents. As Sir Napier Shaw had said there on a previous 
occasion the airman and the meteorologist had a magnificent field before them in 
filling in the details of the broad outline of these phenomena, which was more or 
less all they possessed at present. There was in this country another large factor 
that had not been used much, viz., the network of meteorological stations of the 
Empire. Unfortunately the majority of these were filled at present by men having 
other work to do and not by trained meteorologists. When experts were in charge 
of those stations and similar work was done in the Crown Colonies and Oceanic 
Islands to what had been done in India and Egypt their knowledge of the upper 
air would be far greater than it was to-day. 
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